Introduction
δ Scuti stars are a class of pulsating variable stars that lies in the classical instability strip cross the main sequence on the Hertzsprung-Russell diagram, whose pulsations are driven by the κ−mechanism which drives the pulsations of both Cepheids and the RR Lyrae stars as well. With masses between 1.5 and 2.5M ⊙ , periods between 0.03 and 0.3 days, luminosities between 10 and 50 L ⊙ , δ Scuti stars pulsate with amplitudes from mmag up to tenths of a magnitude (Breger 2000) .
The high-amplitude δ Scuti stars (hereafter HADS) are a subgroup of δ Scuti stars as slow rotators with one or two dominant radial modes whose amplitudes are larger than 0.1 mag, although some of them may have low-amplitude, non-radial modes in addition to the main pulsation modes (Poretti 2003) . It is interesting to probe whether the non-radial mode is an overall property of the pulsations of all HADS. Hoffmeister (1935) . Gieren et al. (1975) made time-series photometry for CW Ser, derived two times of maximum light and the period value of P = 0 d .18915054 ± 0.00000001. CW Ser has been observed only by a few runs since its pulsation period is rather long. The spectral type of CW Ser was classified as F by Halprin & Moon (1983) (Gieren et al. 1975; Agerer & Hubscher 1996; Agerer & Huebscher 1998; Agerer et al. 1999 Agerer et al. , 2001 Hubscher et al. 2005 ).
Pulsations of the HADS CW
In the following sections, we present a detailed study of the pulsations and period changes of -4 -CW Ser, mainly based on extended time-series photometric observations from 2011 to 2012 at the Xinglong Station of National Astronomical Observatories of China (NAOC). The organization of the paper is: Section 2 describes the data collection and reduction; Section 3 introduces the pulsation analysis of the new data; Section 4 discusses the calculated changes of the peirod with the O − C method; Section 5 gives our conclusions. In total, 4,571 CCD frames of data were collected for CW Ser within 18 nights. Figure   1 shows an image of CW Ser taken with the 85-cm telescope, where the comparison star and -5 -the check star are marked (see Table 2 ). After bias, dark and flat-field corrections, aperture photometry was performed by using the DAOPHOT program of IRAF. The light curves were then produced by computing the magnitude differences between CW Ser and the comparison star.
Observations and Data Reduction
The standard deviations of the magnitude differences between the check star and the comparison star yielded an estimation of photometry precisions, with the typical value of 0 m .003 in good observation conditions and 0 m .011 in poor cases. Although there were slight zero-point shifts,
we adjusted it with the fit light curves of the data for every month (assuming the frequencies are stable in one month). Figure 2 shows the light curves of CW Ser in Johnson V band observed with the 85-cm telescope in 2011 and 2012, which were used to make frequency analysis.
PULSATION ANALYSIS
Frequency analysis was performed with the light curves of CW Ser in 2011-2012 with the software PERIOD04 (Lenz & Breger 2005) , which makes Fourier transformations of the light curves to search for significant peaks in the amplitude spectra. The light curves are fitted with the following formula,
The solutions with frequencies whose signal-to-noise ratios (S/N) are larger than 4.0 (Breger et al. 1993 ) were listed in Table 3 . The solid curves in Figure 2 show the fits with the frequency solution in 2011-2012. From Table 3 , one notes that the 8 frequencies are composed of the fundamental Table 3 .
-8 -frequency and its 7 harmonics while no other frequencies in addition to the fundamental frequency and the harmonics are detected.
As can be seen from Figure 2 , the constructed curves fit well the observed light curves, which
shows that the fundamental frequency and its harmonics can explain the pulsation behavior of CW Ser. In order to make the O − C analysis for the period change of CW Ser, the maximum times newly determined were combined with those provided by Gieren et al. (1975) , Agerer & Hubscher (1996) , Agerer & Huebscher (1998) , Agerer et al. (1999) , Agerer et al. (2001) and Hubscher et al. (2005) . In total, 30 times of maximum light are collected and listed in Table 4 , where the first time of maximum light is not included since we do not know the used detector and the data precision.
In addition, there exists a large time gap between the first time of maximum light and the other data points.
The O − C values are calculated and listed in Table 4 as well. The O − C diagram is shown in Figure 5 . A straight-line fit to the 30 times of light maxima yields the ephemeris formula,
, with a standard deviation of σ = 0.0091(7) days.
Since there are too free data points in the O − C diagram, we do not try to make a second-order polynomial fit to estimate the period change rate.
Conclusions and Discussion
On the basis of the time-series photometric data from 2011 to 2012, we determined the fundamental frequency of pulsation as 5.28677 ± 0.00001 c d −1 . No additional frequencies were resolved in the residual spectrum after prewhitening the fundamental frequency and its 7
harmonics. The light variations of CW Ser can be well reproduced with the fundamental radial mode and its 7 harmonics.
-10 -Analysis of the light curves of CW Ser suggests that no nonradial mode pulsations with amplitudes larger than 1.04 mmag are detected, which shows that nonradial mode is not an overall property of the pulsations of all HADS at this amplitude level.
The 7 harmonics resolved in the pulsaitons of CW Ser indicate the distortion of the light curves from the standard sinusoidal function, which does not help the asteroseismological analysis for CW Ser since no new independent modes are presented. However, the existence of multiple harmonics shed lights on the nonlinear behaviour of the pulsation-excitation zone in the star.
According the O − C method, we provide a new ephemeris formula of the times of maximum light with the pulsation period of 0.189150355 ± 0.000000003 days
More observations, includeing high duty-cycle time-series photometry and high quality spectroscopic observations, are extremely needed to caluculate the period change rate of CW Ser and deduce the properties of this HADS.
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